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The paper b r i e f l y  examines the  bas ic  d e f i n i t i o n  of a composite 
mater ia l  and charac te r izes  t he  main types o f  composites. Mention is 

(with e i t h e r  discontinuous f i b e r s  o r  continuous f i b e r s  arranged unidirec- 

! 
made of  p a r t i c l e  dispersed composite mater ia i ,  f i b e r  reinforced composites ' 

t i ona l ly  o r  i n  cross-ply), and laminated composites. Tables a r e  pre- 
sented showing the  mechanical p roper t ies  (density,  t e n s i l e  s t rength ,  

I 
s p e c i f i c  s t rength ,  t e n s i l e  modulus, and s p e c i f i c  modulus) f o r  t h e  most 
common mater ia ls  used f o r  f i b e r  (Including aluminum, tftanium, s t e e l ,  
beryllium, E g lass ,  S g l a s s ,  carbon, and boron), f o r  whisker ( including 
copper, n icke l ,  i ron ,  B4C, and SIC,  and graphi te ) ,  and f ~ r  t h e  matrix 
(including thermoplastics such a s  nylon, polycarbonate, polystyrene, 
and metacryl, the  thermoset p l a s t i c  po lyes te r ,  and aluminum and copper). 
The f i b e r  e f f ic iency  was calculated f o r  reinforced p l a s t i c s  under d i f f e r -  
en t  f i b e r  o r ien ta t ions ,  f i b e r  lengths ,  f i b e r  volume f r ac t i ons ,  composite 

I 
s t rength ,  and f i be r  stress. 
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1. PREFACE 

COMPOSITE MATERIALS. I* 

Taichi Fujii** 

Research and development in the field of materials goes on per- 

petdally. Of various materials, the currently most rapidly developing 

and noteworthy are composite materials. In this lecture, I would 
like to focus on the present status of the materials pertinent to 

this newly developing area. by surveying the development of these 

new materials and their dynamic characteristics. Considerations 

given in this lecture will center around the current uses of composi5e 

materials, and the roles they are playing. 

2. SIGNIFICANCE OF COMPOSITE SAMPLES 

2.1 Formation of Composite Samples 

The history of the development of materizls is represented by a 
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rise and fall of various types such as stone, lumber, copper and its 

alloys, iron, steel, and light metals. Among these, it has been 

known that what would correspond to the composite materials of today 

was already in use in ancient times, as exemplified by walls of straw 

mixed in plaster used in dwellings of ancient Egypt, the brick con- 

taining pieces of straw used by ancient Israelis, the dry lacquer 

Buddha of ancient Japan. made of hemp fibers immersed in lacquer, and 

the sculpture using a certain type of clay in which mica particles 

are mixed. These combinations created materials with characteristics 

which would have been unattainable by single materials. 

We consider that characteristics of materials, such as strength, 

hardness, anticorrosiveness, antiwearing property, lightness, dur- 

ability, thermal properties (thermal insulation and conduction), 

sound insulation property,aesthetic appeal, etc., are desirable 

characteristics of materials for various uses. Needless to say, 

this multitude of characteristics could not be fulfilled by single 

materials, or would be extremely difficult at best. It naturally 

follows that materials appropriate for different uses could be made 

by a combination of various single materials. If a value of certain 

physical property of a composite material is designated as Y, and 
variables as X1, X2, ....., then generally the following relationship 
is obtained: 

However, if there is a linear additive property, the relationship is: 

When XI, X2, ....., is taken as the content per unit volume of com- 
ponent materials, C1, C2, ....., become the value of a certain physi- 
cal property of component materials. In actuality, however, there 
are synergistic and offsetting effects among the component materials, 

and thus the relationship is not that simple. Weight, modulus of 

elasticity, and strength could be expressed by this formula of linear 

additive property. 
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Accordingly, i n  o r d e r  t o  improve ':he c h a r a c t e r i s t i c s  o f  composite 
m a t e r i a l s ,  each component must have good c h a r a c t e r i s t i c s .  However, 
i t  i s  not  necessary  t o  have a component m a t e r i a l  which i n  i t se l f  could 
be  rendered f o r  a  p r a c t i c a l  use ,  b u t  it would be s u f f i c i e n t  i f  such 3 

f 
a m a t e r i a l ,  i n  conjunct ion  wi th  o t h e r s ,  could  be formed i n t o  i tems 

-J t 
4 

f o r  a p r a c t i c a l  use ,  such a s  p i l l a r s  and panels .  Based on such a 3 

g 
premise, t h e  use o f  composite m a t e r i a l s  wi th  h igh  molecular  weight h 

a 
and l i g h t  weight subs tances  w i t h  a n t i c o r r o s i v e  p r o p e r t i e s  a s  t h e  ma- $ 

t r i x ,  and h igh  s t r e n g t h ,  h igh  e l a s t i c i t y  f i b e r s  developed toward t h e  
end of World War 11. This  was t h e  i n c e p t i o n  o f  t h e  development of 
composite m a t e r i a l s  o f  t h e  f o r t i f i e d  f i b e r  type ,  wnich has  l e d  t o  t h e  
g r e a t  advances a s  a r e  seen  today. Howeverj zdvances a r e  s t i l l  be ing 
made wi th  m a t e r i a l s ,  and s t u d i e s  a r e  be ing c a r r i e d  o u t  from var ious  
s t a n d p o i n t s  on t h e  e f f e c t  of  combinations, s o  t h a t  f u r t h e r  advances 
i n  m a t e r i a l  c h a r a c t e r i s t i c s  a r e  t o  be expected. Thus t h e  composite 
m a t e r i a l s  a r e  considered t o  be s t i l l  growing and developing.  

A s  has  a l r eady  been mentioned, t h e r e  a r e  va r ious  f a c t o r s  f o r  a n  
e v a l u a t i o n  of c h a r a c t e r i s t i c s  o f  compound m a t e r i a l s .  O f  t h e s e ,  t h e  
one of s p e c i a l  importance i s  t h e  r a t i o  between s t r e n g t h  and d e n s i t y  
( a / p ) ,  namely, t h e  r a t i o  of s t r e n g t h .  F igure  1 shows v a r i a t i o n s  of  
s t r e n g t h  r a t i o s  of  d i f f e r e n t  m a t e r i a l s  by year  [I], from which one 
can see  t h e  remarkable improvement of s t r e n g t h  i n  t h e  composite 
m a t e r i a l s  of t h e  f o r t i f i e d  f i b r o u s  type.  

Furthermore, t h e  r a t i o  between modulus of e l a s t i c i t y  and d e n s i t y  
(E/P), namely, t h e  r a t i o  of  modulus of  e l a s t i c i t y ,  is  ano the r  import- 
a n t  f a c t o r .  Figure 2 shows t h e  r a t i o  of s t r e n g t h  on t h e  o r d i n a t e ,  
and t h e  r a t i o  of modulus of e l a s t i c i t y  on t h e  a b s c i s s a .  

I n  t h e  f i g u r e ,  s p e c i f i c  va lues  f o r  va r ious  m a t e r i a l s  a r e  shown 
a s  r e c t a n g u l a r  a r e a s  because o f  t h e  varying r a t i o s  of  i n g r e d i e n t s ,  /I154 
The f a r t h e r  one goes away from t h e  o r i g i n  o f  t h e  coord ina te  axes ,  
t h e  h igher  t h e  performance t o  be obta ined.  
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Figure 1. The changes of 
specific strength of various 
materials during past 75 
years. 

Figure 2. Comparison of specific 
strength and specific modulus of 
various materials. 

2.2 Definition and Types of Composite Materials 

A combination of more than two types of materials to obtain 

characteristics unattainable by single materials is called a composite 

material. To put it more concretely, it is a combination of at least 

two chemically different substances, with a clearly defined interface 

separating the materials. 

Usually a composite sample is made up by dispersing a certain 

material, made into small particles with a specific form, in another 

material. The former is called the dispersed phase, and the latter - 
the matrix phase. Since the dispersed phase determines the charac- 

teristics of a composite material, the following classification could 

be made: 

particle dispersed composite material 

fiber reinforced composite material. 

Furthermore, in actuality, sheets or panels of these composite 

materials are often layered and glued to form laminated composite 

materials. Figure 3 and Table 1 show combinations and illustrations 
of these composite materials. 



R n i c l e  dirpcncd cornpolite material 

Fikr r e i n l a r d  camparite material 

(Dismntinuous fibex 
composites) 

(Continuous fiber 
wmposltn) 

(Xlulti-directional 
tontinuour fiber 
compmitcs) 

Figure  3 .  Kinds of  composite 
m a t e r i a l s .  

TABLE 1 

COMBINATION OF MATERIAL I N  COMPOSITES 

Rrtkle. powder 

Fiber 

FRM. PRY 
Continua 

Flake FRC - 
PRR : Plrticlr reinloiced rubber 
FRR : Fiber reinfarced mbkr 
FRP : fiber reinlaced plortin 
F W  : F i r  r e i n l o r d  me .A 
PRY : Rrticle r e i a t d  metal 
FRC : PI& reinforced ceramic 

3 .  FIBER REINFORCED COMPOSITE MATERIAL 

It has been known t h a t  when a material such as g l a s s  i s  made 
i n t o  a f i b e r  form, t h e  i n t e r n a l  d e f e c t s  become l e s s  and s t r e n g t h  
i n c r e a s e s  as t h e  r a d i u s  i s  decreased .  Also, when c r y s t a l l i n e  mater- 
i a l s  a r e  made i n t o  f i n e  f i b e r s ,  t h e  d i r e c t i o n s  o f  t h e  a x e s  o f  t h e  
c r y s t a l  and t h e  f i b e r s  c o i n c i d e .  E s p e c i a l l y  i n  c a s e s  such a s  wh i rke r  
c r y s t a l s ,  rearrangement i s  minimal, and a  very  h igh  degree  o f  s t r e n g t h  
could be ob ta ined .  The most f r e q u e n t l y  used f i b e r s  a t  t h i s  t ime a r e  

2 g l a s s  f i b e r s .  Ordinary p l a t e  g l a s s  has  a  s t r e n g t h  o f  around 7 kg/mm , 
2 whereas f i n e  f ibers o f  g l a s s  a t t a i n  a s t r e n g t h  o f  280 - 500 kg/mm . 

I n  a d d i t i o n  t o  g l a s s  f i b e r s ,  v a r i o u s  o t h e r  f i b e r s  a r e  used.  
Table I1 shows c h a r a c t e r i s t i c s  of  such f i b e r s .  

The f i b e r s  could be used cont inuous ly  and d i scon t inuous ly  i n  
m a t r i c e s .  I n  t h e  former,  t h e  f i b e r s  a r e  used i n  s h e e t  form o r  de- 
l i n e a t e d  i n  c e r t a i n  d i r e c t i o n s  by methods such as w i n d i l ~ g  format ion .  
I n  t h e  l a t t e r ,  f i b e r s  a r e  c u t  i n t o  p i e c e s  s e v e r a l  c e n t i m e t e r s  i n  
l e n g t h ,  and used i n  a  mat form. 



TABLE I1 
PROPERTIES OF VARIOUS FIBERS 

A- lkntity ; Tmb''~t,ength p c ~  c c n s ~ l c  Kinds d Bbrr I "l(tre-,gth / mhnuluo 
(kg/cm') I i (x lbk~ /cm' )  , */~(Xl(Pcm) , E(rj(r:A$Pr~tL --- - --_- __ -_. 

Yailllic malcrLI 

Aluminum 

Tiunum 

Steel 

Beryllium 

Imn'pnic nulerral I 

0. MIZSS 351.5 13.11 7 382 2.897 

19.74 

CIrboD (high strength) 14.3-20 20OW-25WO 11.4-14.3 

Clrbaa ( lor  strength) 0.001% 10.3-13 35OM)-UIMIO 17.9-19.5 

a2 I@ 16.374 

matnial 

PRD-49 0.0020 lto-m 8.5-11.3 
I 
1 13300 

6.65 

Kin& of material 

('9-r 

Nickd 

Iron 

4c 
Sic 

A t h  

Graphite 

Specific mmltllur 

E / M ? ! n ) -  - 

TABLE I11 

PROPERTIES OF WHISKERS 

Also o f  i n t e r e s t  a s  an example o f  r e i n f o r c e d  f i b e r  i s  a whisker .  
The whisker  i s  a needle-shaped c r y s t a l  which was developed i n i t i a l l y  
by t h e  General  E l e c t r i c  Company of  t h e  U.S., i n  1960, a s  t h e  alumina 
whisker ( A 1  0  wh i ske r ) .  Subsequent ly ceramic whiskers  such as BeO, 

2 3 
B4C,  SIC, S12N4, and carbon,  and m e t a l l i c  whiskers  such as copper ,  
n i c k e l  and i r o n ,  have been developed. T h e i r  d i amete r s  a r e  0.2-3p, 
and l e n g t h s  a r e  2-25 mm. Recent ly  t r i a l  p roduc t s  have been made i n  
which f i b e r s  a r e  incorpora ted  i n  a  ma t r ix  i n  a cont inuous  manner. 



TABLE I V  

PROPERTIES OF VARIOUS MATRIX 

7W 

668 

457 

soa 

I 

KinQ d material 

Tltemopbtia 

Nilon (6161 

Pdycarhanate 

Pdptyrcne 

Viaylwhloride 

Mttrcryl 

Thenuawt Wlin 

Polyester 

Metal 

Aluminum 

C o w *  - 
Table  I11 shows an  example o f  c h a r a c t e r i s t i c s  of  t h e  wh i ske r s .  

, (Wema) ( x lDkg/cm') * / I  (em) E ( X  lVkglcm') Er (xlffem) 
I I I I I 

M i t Y  I Tend18 strength 

The m a t r i x  of  a  r e i n f o r c e d  f i b e r  composi te  m a t e r i a l  p l a y s  t h e  

S w i l c  m l d u l ~  Specilk strength 

1.14 

1.20 

1.05 

1.4 

1.4 

1.1 

2.7 

6.65 

impor tan t  r o l e  i n  s u p p o r t i n g  we igh t s ,  p r e v e n t i n g  e x t e r n a l  d e t e r i o r a t -  

i n g  i n f l u e n c e s ,  and t r a n s m i t t i n g  f o r c e s  t h rough  t h e  i n t e r f a c e  w i t h  / I155 

t h e  f i b e r s .  For  t h e  m a t r i c e s ,  v a r i o u s  m a t e r i a l s  such  as h i g h  molecul-  

a r  weight s u b s t a n c e s ,  i n o r g a n i c  s u b s t a n c e s ,  and m e t a l s  a r e  used .  
Table  I V  shows t h e i r  c h a r a c t e r i s t i c s .  

Tensale mcdulus 

- 

The dynamic p r o p e r t i e s  o f  composi te  m a t e r i a l s  a r e  de te rmined  by 

t h e  f i b r o u s  component. F i g u r e  4 shows t o  what e x t e n t  t h e  s t r e n g t h s  
of  t h e  f i b e r s  themselves  a r e  u t i l i z e d  [ 3 ] ,  and it cou ld  be shown 

t h a t  t h e  forms,  d i r e c t i o n s  and dimensions o f  t h e  f i b e r s  cause  some 
d i f f e r e n c e  i n  s t r e n g t h s .  

4 .  PARTICLE DISPERSED COMPOSITE MATERIALS 

These a r e  m a t e r i a l s  w i t h  a  p a r t i c u l a t e  d i s p e r s e d  phase .  A s  

s p e c i a l  s i t u a t i o n s ,  t h e  d i s p e r s e d  phase  composed o f  s m a l l  p i e c e s ,  

t h a t  i s ,  f l a k e s ,  could  b e  i n c l u d e d .  When t h e  d i ame te r  o f  p a r t i c l e s  

i s  0.1-0.01 p ,  t h e  m a t e r i a l s  could  be c a l l e d  d i s p e r s i o n  s t r e n g t h e n e d  
composi te  m a t e r i a l s .  When t h e  d i ame te r  i s  1-50 u, t h e y  a r e  c a l l e d  

p a r t i c l e  r e i n f o r c e d  composi te  m a t e r i a l s .  By combining w i t h  v a r i o u s  - / I156 
m a t r i c e s ,  t h e r e  a r e  a wide v a r i e t y  of m a t e r i a l s  i n  p r a c t i c a l  u s e .  
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Figure  4. F i b e r  e f f i c i e n c y  o f  r e i n f o r c e d  p l a s t i c s .  

4 .1  Nonmetal Particles--Nonmetal Matr ices  

Here, t h e  p a r t i c l e s  could be i n o r g a n i c  o r  o r g a n i c  m a t e r i a l s ,  
and t h e  same i s  t r u e  f o r  t h e  m a t r i c e s .  An example o f  i n o r g a n i c  par-  
t i c l e s  and ino rgan ic  m a t r i c e s  i s  c o n c r e t e ,  i n  which sand and g r a v e l  
a r e  combined by a  mixture  of  cement and wa te r ,  u t i l i z i n g  t h e  chemical 
r e a c t i o n  between cement and water  t o  cause  hardening.  I n  t h i s  s i t-  

u a t i o n ,  i f  o rgan ic  subs tances  a r e  used f o r  t h e  m a t r i c e s ,  such mater- 
i a l s  a r e  exempl i f ied  by r e s i n  mor tar  and r e s i n  c o n c r e t e .  The d i s -  
pe r sed  phase of t h e  former i s  sand,  and t h e  l a t t e r  i s  sand and g r a v e l .  
The ma t r ix  i n  both  cases  i s  o rgan ic  r e s i n ,  which f r e q u e n t l y  c o n t a i n s  
m i c r o - p a r t i c l e s  of  calcium ca rbona te .  The p a r t i c l e s  have been shaped 
i r r e g u l a r l y ,  bu t  r e c e n t l y  s p h e r i c a l  and hollow s p h e r i c a l  p a r t i c l e s  
a r e  be ing  developed,  which could be used f o r  t h e  d i s p e r s e d  phase.  
These sphe res  a r e  made o f  g l a s s ,  h igh  molecular  weight subs tances ,  
carbon,  e t c .  

4.2 Metal Particles--Nonmetal Matr ices  

When meta l  p a r t i c l e s  o r  f l a k e s  a r e  d i s p e r s e d  i n  h igh  molecular  
weight subs tances ,  thermal  conduct ion i s  i n c r e a ~ - 2 ,  t he rma l  expansion 



i s  reduced,  and wep.r i s  dec reased .  Thus t h e r e  a r e  m a t e r i a l s  such a s  
copper and s i l v e r  d i s p e r s e d  i n  epoxy r e s i n  t o  improve e l e c t r i c  and 
thermal  conduct ion.  The m a t e r i a l  i n  which powdered aluminum i s  
d i s p e r s e d  i n  polyure thane  is  used as a  r o c k e t  p r o p e l l a n t .  

4.3 Metal Par t ic les - -Meta l  Mat r i ces  

I n  t h i s  combination, t h e  me ta l  p a r t i c l e s  i n  t h e  d i s p e r s e d  phase 
could be ha rde r  o r  s o f t e r  t h a n  t h e  me ta l  m a t r i c e s .  The former could 
be  a t t a i n e d  by t h e  use  of  p a r t i c l e s  of t u n g s t e n ,  molybdenum, o r  
chromium. These a r e  b r i t t l e  materials, but  because of t h e i r  good 
hea t  r e s i s t i n g  p r o p e r t y ,  s t r o n g  m a t e r i a l s  w i t h  good hea t  r e s i s t a n c e  
could be ob ta ined  by u s i n g  m a t e r i a l s  h igh  i n  t e n a c i t y  as t h e  m a t r i c e s .  
An example o f  t h e  l a t t e r  combination, w i t h  s o f t e r  p a r t i c l e s  i n  ha rde r  
mat2ices ,  i s  l e a d  p a r t i c l e s  d i s p e r s e d  i n  copper  a l l o y s  o r  i r o n .  T h i s  

t ype  o f  combination improves w o r k a b i l i t y  w i t h  machinery and t o o l s .  

4 .4  Nonmetal Par t ic les - -Meta l  Matr ices  .- 

The m a t e r i a l s  combined wi th  m e t a l l i c  m a t r i c e s  are worked on 
f r e q u e n t l y  a t  a  h igh  t empera tu re ,  s o  that  ceramic n a t e r i a l s  a r e  used 
f o r  t h e  d i s p e r s e d  phase.  The so -ca l l ed  Thermet be longs  t o  tLis type .  
Here, t h e  d i s p e r s e d  phase p a r t i c l e s  could be ox ide  and ca rb ide .  
Tungsten ca rb ide  i n  t h e  c o b a l t  m a t r i x  a t t a i n s  a  ve ry  h i g h  hardness ,  
and t h i s  m a t e r i a l  i s  used f o r  wire  drawing and va lves .  When chromium 
c a r b i d e  i s  used, a n t i w e a r  and a n t i c o r r o s i v e  p r o p e r t i e s  a r e  q u i t e  
good, and t h e  r e s u l t i n g  m a t e r i a l s  have thermal  expansion c o e f f i c i e n t s  
c l o s e  t o  t h a t  of  15?on, t h u s  r e n d e r i n g  such m a t e r i a l s  s u i t a b l e  f o r  
use  i n  v a l v e s ,  M a t e r i a l s  u s i n g  t i t a n i u m  c a r b i d e  have e x c e l l e n t  
thermal  r e s i s t a n c e ,  s o  t h a t  t h e y  a r e  s u i t a b l e  f o r  use  i n  t h e  p a r t s  
of a t u r b i n e  which a r e  s u b j e c t e d  t o  h i g h  tempera tures .  

5 ,  LAMINATED COMPOSITE MATERIALS 

When t h e  r e i n f o r c i n g  a a t e r i a l c  a r e  d i s p e r s e d  i n  m a t r i c e s  t o  f o r r  
p l a t e s  ( o r  curved s h e l l s ) ,  t h e s e  a r e  c a l l e d  lamina. The p rocess  o f  



Figure  5. Lamina and 
laminate .  

l a y e r i n g  and adher ing  them toge t -  
h e r  i s  c a l l e d  laminat ing ,  and t h e  
product of  such a process  i s  
c a l l e d  laminates .  I n d i v i d u a l  . F 

laminae i n  a laminate a r e  a r -  
f 
.:d, 

ranged i n  va r ious  d i r e c t i o n ,  ac- -4 q 
3 

cording t o  t h e  s t a t u s  o f  t h e  -3 

d i spe r sed  phase,  t h a t  Is, t h e  /I157 i 
f 

d i r e c t i o n s  o f  t h e  d i spe r sed  ..$ 

f i b e r s  f o r  reinforcement .  
Schematic diagrams of  t h e  fore-  3 

going a r e  presented  I n  Figure 5. The so-ca l led  c l a d  m a t e r i a l ,  sand- a 

., 
wich s t r u c t u r e ,  e t c . ,  could be termed laminated composite m a t e r i a l s  r 

i n  a broad sense.  

? 
6. THE SYSTEM OF ENGINEERING OF COMPOSITE MATERIALS 

A s  descr ibed above, t h e  engineer ing  of composite m a t e r i a l s  cov- % 

e r s  a broa4 a r e a ,  and t h i s  i s  not  d i f f e r e n t  from o t h e r  f i e l d s  o f  - . <  4 

,1.: 

engineering.  However, t h e r e  a r e  f i e l d s  of technology s p e c i f i c a l l y  1 

developed f o r  composite m a t e r i a l s  such as methods o f  composition and i* -a 
8 

study o f  dgnamic behavior.  New methods of  s tudy ing  P?namic behavior  ..+ .4 

OF composite samples a r e  be ing developed. It fol lows then  t o  d e t e r -  a 
<.% 
< 1 

mine how w e l l  t h e s e  a r e a s  of  engineer ing  have been systematized.  I n  $ 

answer t o  t h i s  ques t ion ,  i t  could be s a i d  t h a t  remarkable developments i t 'I 
have been seen i n  s tudy of' dynamics and s t r e n g t h  o f  composite mater- 3 
ia ls ,  resea rch  i n t o  new types  ar.3 formation of  m a t e r i a l s ,  s t r u c t u r a l  3 

des igning making t h e  opt imal  use o f  composite m a t e r i a l s ,  e v a l u a t i o n  1 2 
of  r e l i a b i l i t y  and c h a r a c t e r i s t i c s  of m a t e r i a l s ,  and t h e i r  p r a c t i c a l  

-t"i 4 
-l3 

a p p l i c a t i o n s .  4 

Since composite m a t e r i a l s  now cu:*ld be used a s  t h e  main s t r u c -  
t u r a l  m a t e r i a l  where s t r e n g t h  and r i g i d i t y  a r e  r e q u i r e d ,  des igning 
f o r  t h e i r  opt imal  use ,  u t i l i z i n g  t h e i r  c h a r a c t e r i s t i c s  o f  l i g h t  weight ,  
r e s i s t a n c e  t o  water and chemicals,  has become an urgent  need. I n  



order to summarize the current status of the engineering sclence of 
conposite materials, characteristics of particle dispersed and fiber 

reinforced composite materials are compared in terms of several Ttems 

of evaluation, as shown in Table A [2]. 

In composite materials, as has been men.loned In the definition, 

interfaces are present aqd they play significant roles in the func- 

tions of composite materials [3] .  

While there is a great deal of expectation for composite mater- 

ials in material science, total systematization of the field is not 

complete as yet. Composite materials are "man made," and as such 

they must be scientifically systematized as rapidly as possible. In 

this lectcys series, starting the next time, I plan to cover subjects 
such as materials and their formation, interfaces, dynamic behavior, 

static and dynamic strength, and reliahilit~~ in light of various 

problems and differences in methods of 5reatrlient that were not thought 

of with simple materials. 
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